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In the context of foraging, many animal species produce specific calls that attract others. Researchers
hypothesize that these vocalizations function to inform others about food; however, few studies have
investigated whether food-associated calls alone are sufficient to cause individuals to respond as if they
have been informed about food. Playback experiments on white-faced capuchins (Cebus capucinus)
investigated whether listeners could infer the presence of food merely by hearing food-associated calls.
Recipients looked significantly longer toward the call source and approached the speaker more often after
hearing food-associated calls, as compared with control calls. Because these responses are not indicative
of feeding, it is unclear whether listeners associated the calls with food. Nonetheless, these responses,
specific to food-associated calls, may increase individuals’ chances of finding food.

In many species, animals emit specific calls in the context of
foraging, which have been termed food-associated calls. Because
the calls often attract individuals who are out of view of the
signaler, such calls are thought to provide listeners with informa-
tion about the presence of food (e.g., Brown, Brown, & Shaffer,
1991; Dittus, 1984; Hauser & Wrangham, 1987). Although indi-
viduals in many species approach a food source where other
individuals are feeding and producing food-associated calls (e.g,
primates: Cebus apella, Di Bitetti, 2003; Ateles geoffroyi, Chap-
man & Lefebvre, 1990; Macaca mulatta, Hauser & Marler, 1993a;
Macaca sinica, Dittus, 1984; Pan troglodytes, Wrangham, 1977;
dolphins: Tursiops truncatus, Janik, 2000; greater spear-nosed
bats: Phyllostomus hastatus, Wilkinson & Boughman, 1998; avian

species: Gallus domesticus, Marler, Dufty, & Pickert, 1986; Pas-
ser domesticus, Elgar, 1986; Corvus corax, Heinrich, 1988; Hei-
nrich & Marzluff, 1991), call recipients could be approaching in
response to secondary cues about the presence of food that are
unrelated to the calls. For example, individuals may approach just
as frequently and rapidly in response to the sound of falling fruits.
Therefore, it needs to be determined whether food-associated calls
alone, in the absence of a known food source, are sufficient to
elicit a response that is consistent with individuals having an
expectation of food.

In two studies of food-associated calls, researchers used play-
back techniques to demonstrate that listeners responded to calls in
a manner that appeared as if they associated the calls with food.
Evans and Evans (1999) showed in domestic chickens (Gallus
gallus) that hens responded by looking toward the ground only
when they heard food-associated calls, but not when they heard
control vocalizations. Similarly, in a study of tufted capuchin
monkeys (Cebus apella), Di Bitetti (2003) reported that individu-
als often rapidly approached the speaker when they heard food-
associated calls, but never when they heard control calls. Because
listeners responded to food-associated calls with anticipatory feed-
ing or approach responses, which mirrored responses to naturally
occurring calls, these results suggest that the individuals’ re-
sponses were consistent with the hypothesis that the listeners
associated the calls with the presence of food.

White-faced capuchin monkeys emit specific calls almost solely
in foraging contexts, particularly when individuals are foraging
successfully (Boinski & Campbell, 1996; Gros-Louis, 2004b). In
some instances, individuals emit these calls when approaching a
fruit patch prior to gaining access to fruit, even in cases when no
fruit is available, thus with the apparent expectation of food.
Previous studies of food-associated calls in white-faced capuchins
have focused on how the calls function from the signaler’s per-
spective. Food-associated calls appear to serve a deterrent function
because they increase the distance between neighboring capuchins
during foraging (Boinski & Campbell, 1996), and the calls de-
crease the likelihood that a capuchin with food in its possession
will be targeted with aggression (Gros-Louis, 2004b). From the
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signaler’s perspective, therefore, the calls do not appear to function
to inform others about the presence of food; however, it is possible
that listeners nonetheless associate the calls with the presence of
food (cf. Seyfarth & Cheney, 2003).

In the present study, I describe playback experiments that were
designed to evaluate what information listeners extract from food-
associated calls. I conducted playback experiments by using food-
associated calls and control vocalizations to test the hypothesis that
the calls alone provide information to listeners about the presence
of food.

Method

Study Site, Subjects, and Observation Periods

Research was conducted on white-faced capuchin monkeys (Cebus
capucinus) in Lomas Barbudal Biological Reserve, adjacent government-
managed property of the Instituto para Desarollo Agricultura, and two
private ranches, Rancho Brin D’Amour and Hacienda Pelon de la Bajura,
in northwestern Costa Rica. Lomas Barbudal, a 2,290-ha reserve, is a
tropical, dry deciduous forest consisting of several different habitat types
(described in Frankie, Vinston, Newstrom, & Barthell, 1988).

Study animals were in two groups, Abby’s and Rambo’s, consisting of
24–34 and 30–38 capuchins, respectively, over the 4 years of the study.
Between the 1999 and 2000 field seasons, 1 adult male, 4 adult females,
and 2 juvenile females fissioned from Rambo’s group to form a splinter
group and were not included in playback experiments.

Annual field seasons varied from 4 to 7 months each year over a 4-year
period from 1996 to 2000 (23 months total). Observational data were
collected and vocalizations were recorded every year, but playbacks were
conducted from January to June 2000.

Observational Data

With the help of an assistant, I collected data for a minimum of 25
consecutive days per month, with roughly equal observation time on each
group. All assistants were trained on monkey IDs and data collection
protocols and tested prior to starting data collection. We conducted 10-min
continuous focal animal samples (Altmann, 1974) on individuals of all
age–sex classes to determine the context of the production of food-
associated calls and the responses of individuals to food-associated calls.
For proximity measures, we defined body length as the length of an adult
male capuchin, from nose to tail base (after Perry, 1996a). Because of
dense vegetation and wide group dispersion, it was difficult to follow a
random schedule of sampling (Perry, 1996a). We selected an animal as a
focal subject if it had not been in close proximity (1–5 body lengths) to or
interacted with the focal animal in the last 2.5 min of the previous focal
follow. All individuals of each age–sex class were followed before starting
another round of focal follows on that age–sex class. A total of 270 focal
hours contribute to the data set for this study.

We collected data continuously on microcassette recorders (1997–1998)
and on a handheld Psion Organiser II (1999–2000; Psion PLC, London,
United Kingdom). We noted all behaviors involving the focal animal, and
we performed scan samples every 2.5 min, noting the focal animal’s
behavior and the identity of his or her neighbors in the following proximity
categories: in contact; separated by 1, 5, or 10 body lengths; or in view.
Observers scored all approaches and departures (using distances of contact:
1, 5, and 10 body lengths), affiliative interactions (e.g., groom, play,
touch–inspect), and agonistic interactions (e.g., chases, lunges, threats,
contact aggression) involving the focal animal. We noted all vocalizations
emitted by the focals, and when a call was heard from a distant individual,
we noted the type of vocalization, the estimated distance to the caller, and,
when possible, the identity and activity of the vocalizer.

Responses to food-associated calls were scored when focal animals
vocalized immediately (i.e., within 1 s) following a food-associated call
from a group member or when they approached the call source. If they
vocalized, we noted whether or not they looked in the direction of the call
source.

Vocal Recordings and Digitization

Vocalizations were recorded during focal follows and ad-lib sampling
(Altmann, 1974) with Sennheiser ME-80 and ME-66 (Sennheiser Electron-
ics Corporation, Old Lyme, CT) directional microphones (with K3U and
K6C power modules; frequency response, 50–15000 Hz � 2 dB at 20 �Pa)
and an analog Sony WMD6C professional walkman (frequency response,
40–15000 Hz � 3 dB at 20 �Pa). While recording, observers noted the
activity of the capuchin and, if foraging, the type of food being consumed,
when the capuchin picked another fruit (or consumed another insect), and
the identities and proximities of other capuchins in view who were feeding
and/or emitting vocalizations.

Vocal recordings were digitized at a sample rate of 22000 Hz (food-
associated calls, intense gargles, single-syllable threats) and 44000 Hz
(trills) with Canary 1.2.1 acoustic software (Charif, Mitchell, & Clark,
1995). The playback stimuli for experiments comprised vocalizations from
15 adult females and 2 adult males. Call amplitudes of both food-associated
calls and control vocalizations were measured with a Radio Shack sound-
level meter (catalog no. 33–2050) with C weighting (bandwidth, 32–10000
Hz; accuracy, �2 dB at 114 dB) at different times throughout the field
season from known distances to determine the correct playback amplitude
for each trial.

Playback Stimuli

Food-associated calls (see Figures 1A and 1B), also termed “huhs”
(Boinski, 1993; Boinski & Campbell, 1996; Oppenheimer, 1968, 1973;
Robinson, 1982), are tonal vocalizations with an average fundamental
frequency of 719 � 34 and 796 � 22 Hz for adult males and females,
respectively (Gros-Louis, 2004a). Food-associated calls are easily distin-
guished by ear from other call types in the repertoire, and they are the only
call types emitted during foraging other than threats or screams when
aggressive interactions occur.

Experimental stimuli consisted of four different exemplars of food-
associated calls by a single capuchin presented in a 10-s period to mimic
the natural cadence of call production during fruit foraging. I used Canary
1.2.1 acoustic software (Charif et al., 1995) to construct playback se-
quences by inserting four calls from one capuchin at 1, 2.5, 5, and 8 s into
a 10-s audiofile.

Selection of control stimuli was limited by both the availability and the
opportunity to obtain good recordings, in addition to differences in call
production between males and females. Trills were selected as control
stimuli for matched-pair playback experiments in which adult females
served as subjects and callers. Trills consist of several rapidly delivered
elements (see Figure 1C) and are given during group progression and in
dyadic interactions (Boinski, 1993; Gros-Louis, 2002).

Because four trills in 10 s would have been an unnatural rate of
presentation, tapes of trill stimuli consisted of only two different trill
vocalizations from the same female played at 1 and 5.5 s. The experimental
and control stimuli were closely matched in terms of the overall duration
of acoustic stimuli presented to subjects because trills are longer in dura-
tion than are food-associated calls (cf. Zuberbuehler, 2000).

Because adult males do not emit trills, trills could not be used as control
vocalizations when adult males were the signalers. Therefore, I had to
select vocalizations in the adult males’ repertoire that were most similar to
the food-associated calls in amplitude and that occurred frequently enough
to be used in playback experiments. Because of a small sample of record-
ings, I was limited to using recordings from the alpha males, who vocalize

397CAPUCHIN FOOD-ASSOCIATED CALLS



more than other adult males. I conducted matched-pair experiments with
the alpha males’ recordings in both groups by using different exemplars of
food-associated and control vocalizations by the alpha males in playback
experiments. I used intense gargles (possibly an intense form of the guttural
chatter; Oppenheimer, 1973, as cited in Perry, 1995) as control stimuli in
Abby’s group (see Figure 1D) and single-syllable threats (Perry, 1996b;
also referred to as a “heh” in Boinski, 1993; Robinson, 1982) as control
stimuli in Rambo’s group (see Figure 1E). Intense gargles are emitted in
periods of social tension, such as when males return from an intergroup
encounter or after an escalated fight (see Perry, 1998). Single-syllable
threats often accompany silent, open-mouthed threats and can be directed
by an aggressor or by third parties toward an aggressor or a victim during
a fight (Perry, 1996b).

Four different exemplars of single-syllable threats from the alpha male
were presented at 1, 2.5, 5, and 8 s for females of Rambo’s group, whereas
two exemplars of intense gargles from the alpha male were played at 1 and
5.5 s for females of Abby’s group. As with the trill control stimuli, I
selected the presentation rate of single-syllable threats and intense gargles
on the basis of the natural rate of production of the calls and to match the
overall duration of acoustic stimuli across experimental and control calls.

Although different control stimuli were used across experiments, many
calls elicit similar responses in call recipients. Because group dispersion
can be wide, all individuals in a group are rarely in visual contact with
everyone else in the group. Capuchins sometimes look toward or approach
a call source upon hearing a vocalization, apparently to gain more infor-
mation about the specific social context eliciting the vocalization. There-
fore, it was not expected that the type of control vocalization used would
affect differences between responses to food-associated calls and responses
to control vocalizations. All analyses for different pairs of experimental
and control calls were conducted separately.

Playback Methods

Playback experiments were conducted over a 6-month period (January
2000–June 2000). All animals were tested after they started to travel at the
end of a resting bout. Individuals were not used as subjects if they were
feeding (i.e., in a fruit tree or eating insects), vocalizing at the time of the
playback, or interacting in the 3 min prior to the playback with the
capuchin whose call was to be played. In addition, no trill or food-
associated call could have been given by any individual 1 min prior to the

Figure 1. Call exemplars used in playback experiments. Calls A, B, D, and E were digitized at a sample rate
of 22000 Hz, and sonograms were made with a 512-point fast Fourier transform, yielding a frequency resolution
of 43 Hz and a time resolution of 23 ms. Call C, the trill, was digitized at a sample rate of 44000 Hz, yielding
a frequency resolution of 86 Hz and a time resolution of 11 ms. A: Food-associated call by an adult male. B:
Food-associated call by an adult female. C: Trill by an adult female. D: Intense gargle by an adult male. E:
Single-syllable threat by an adult male.
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playback. The trial was aborted if the capuchin whose call was to be played
emitted a vocalization within 3 min before the start of the experiment.

For the trials in which females were the callers and subjects (n � 17
subjects, 34 matched-pair trials; see Table 1), we selected animals who
were closely ranked to the caller to avoid any extreme responses due to
rank differences. For the trials in which males were the callers (n � 11
subjects, 22 matched-pair trials; see Table 2), females were randomly
selected to hear exemplars of the alpha male’s food-associated call and
intense gargle (Abby’s group) or single-syllable threat (Rambo’s group).

Each female heard only one experimental and one control vocalization,
such that no female was the subject for more than one paired playback
experiment. Two females were the caller in two experiments each, but I
used different exemplars of their calls for each trial. Animals for all
experiments were selected opportunistically on a given day, provided that
they met the experimental prerequisites. Although different calls were used
for the experimental and control trials, a female could not be tested more
than once a day. A mean of 2.7 and 4.5 days passed between each playback
experiment in Abby’s and Rambo’s groups, respectively, with an overall
mean of 15.7 days between presentations of experimental and control
stimuli. The order of presentation of experimental and control stimuli was
counterbalanced across subjects.

Vocalizations were broadcast with a Sony WMD6C professional walk-
man connected to a Bose Roommate II battery-powered speaker. The
speaker was placed between 7 and 12 m from the capuchin at an angle of
70°–110° from the current travel direction and was hidden from view. This
angle range was selected because it is intermediate between 0° (current
travel direction) and 180° (opposite direction) and thus did not bias the
results in favor of, or against, a look or approach by the monkey. The
wide-angle range was necessary because of the limited availability of
suitable places to hide the speaker relative to the monkey.

Capuchins were followed for 3 min prior to the playback to determine
the direction of travel (based on compass readings) and to ensure that

the female did not interact with the individual whose call was to be
broadcast. At the start of the playback, we noted the location of the
speaker relative to the female and the female’s orientation during the
playback. The female’s behavior was filmed with a Sony Hi-8 handy-
cam video camera from roughly 10 s prior to the onset of playback
stimuli until at least 30 s after the playback ended. In addition, we
followed the female for 3 min after the playback to determine the
direction of travel.

Females’ responses to the playback stimuli were initially recorded in the
field as “look toward the speaker” or not and “approach the speaker” or not.
Look toward the speaker was apparent given the location of the speaker
relative to the capuchin. An assistant who was blind to the hypothesis of the
experiment later scored the videotaped responses in the laboratory. We
used a Sony DSR-30 frame accurate digital recorder for frame-by-frame
analysis (30 frames per second) to obtain accurate measurements of look-
ing duration. The duration of looking was measured from the onset of the
playback stimulus until the capuchin changed her direction of gaze, based
on head orientation. Approach responses were determined with the com-
pass readings from the focal follow 3 min prior to and following the
playback. An approach response was scored only if the capuchin moved in
a straight-line trajectory to the speaker. For example, if the capuchin was
at 220° from the observer and the speaker was at 150°, the capuchin had to
start to move toward the speaker directly on the 150° line within the first
30 s following the playback to be scored as approaching the speaker.

Statistical Analyses

Wilcoxon signed-ranks tests were used to compare animals’ looking
duration in response to experimental and control vocalizations. T scores
were converted to z scores when the sample size was greater than 15
(Siegel & Castellan, 1988). Approach responses to experimental and con-
trol vocalizations were analyzed by means of Fisher’s exact tests.

Results

Responses to Naturally Occurring Food-Associated Calls

For comparisons with observations from playback experiments,
I investigated how individuals responded to food-associated calls

Table 1
Identities of Callers, Listeners, and Call Types Used in
Playback Experiments Involving Adult Females

Playback subject Playback stimulus

Caller Listener Experimental Control

AA

Abby Nanny VF VT
Celeste Diablita VF VT
Diablita Mani VF VT
Eldritch Tattle VF VT
Jester Celeste VF VT
Mani Vandal VF VT
Nanny Abby VF VT
Tattle Eldritch VF VT
Vandal Jester VF VT

RM

Chupacabra Mezcla VF VT
Cupie Ripley VF VT
Delilah Chupacabra VF VT
Delilah Cupie VF VT
Dixie Wanna VF VT
Mezcla Delilah VF VT
Mezcla Dixie VF VT
Wiggy Uno VF VT

Note. AA � Abby’s group; VF � food-associated call; VT � trill
vocalization; RM � Rambo’s group.

Table 2
Identities of Callers, Listeners, and Call Types Used in
Playback Experiments Involving Adult Males and Females

Playback subject Playback stimulus

Caller Listener Experimental Control

AA

Guapo Celeste VF VR
Guapo Jester VF VR
Guapo Mani VF VR
Guapo Nanny VF VR
Guapo Tattle VF VR
Guapo Vandal VF VR

RM

Pablo Chupacabra VF VO
Pablo Delilah VF VO
Pablo Mezcla VF VO
Pablo Ripley VF VO
Pablo Wanna VF VO

Note. AA � Abby’s group; VF � food-associated call; VR � intense
gargle; RM � Rambo’s group; VO � mild vocal threat.
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when they were resting; however, because we did not take data on
capuchins that looked in response to calls during naturalistic
observations, only some measures of responses to food-associated
calls can be compared. When individuals heard naturally occurring
food calls, they emitted a food-associated call in response 5% of
the time (n � 30). When individuals called in response to a
food-associated call, they also looked in the direction of the caller
36% of the time (n � 11). In addition, individuals sometimes
approached the initial caller (n � 23); however, approach re-
sponses appeared to be influenced more by the duration of calling
rather than the mere occurrence of the call. When individuals
called when they discovered food apart from the group, other
capuchins were more likely to approach when calls were emitted
continuously (�15 food-associated calls for at least 1 min), as
opposed to when they emitted in short bouts (1–3 food-associated
calls; Fisher’s exact test, n � 23, p � .05). The categorical division
of call production reflects a natural dichotomy of the focal data; if
individuals emitted calls when they found food alone, they emitted
either very few or very many calls.

Playback Experiments

In playback experiments, capuchins looked in the direction of the
speaker for significantly longer durations after they heard a food-
associated call than after they heard a control vocalization (female
vocalizer: z � 2.63, n � 17, p � .01; see Figure 2; male vocalizer:
Rambo’s group, T � 0, n � 5, p � .07; Abby’s group, T � 0, n �
6, p � .04; see Figure 3). In trials with females as callers, 88% of
capuchins responded to experimental stimuli, whereas only 59%
responded to control stimuli. In trials with males as callers, 50% and
60% of capuchins responded to experimental calls in Abby’s and
Rambo’s groups, respectively, compared with 0% of capuchins re-
sponding to control calls in each group.

Individuals also moved in the direction of the speaker after
hearing a food-associated call in 4 of the 17 female–female trials
and 5 of the 11 male–female trials, whereas they approached the
speaker only once after hearing control vocalizations (female–
female: Fisher’s exact test, n � 34, p � .10; male–female: Fisher’s

exact test, n � 22, p � .05). In addition, in five playback exper-
iments of food-associated calls in which the focal animal did not
approach, other individuals responded by visually scanning and
approaching the loudspeaker. Three capuchins approached in each
of three experiments, and 2 capuchins approached in each of two
experiments. By contrast, in two playback experiments of control
vocalizations, 2 capuchins that were not the focal subject visually
scanned toward the speaker, but no one approached the speaker.

Discussion

In playback experiments of food-associated calls, capuchins
responded in a manner that was similar to how they responded to
naturalistic calls and distinct from how they responded to control
calls. When individuals heard food-associated calls, they looked
toward and, in some cases, also approached the call source. By
contrast, when individuals heard control vocalizations, they looked
toward the call source for much shorter durations, or not at all, and
approached the call source only once. One could argue that be-
cause different control vocalizations were used, responses to dif-
ferent control calls are not comparable; however, the comparisons
between food-associated calls and different control calls were
conducted separately, and similar results were found. The fact that
capuchins responded differently to food-associated calls compared
with a variety of control calls suggests that the responses of
capuchins to food-associated calls are distinct.

Although I cannot directly compare looking responses to exper-
imental versus naturally occurring calls, I found that individuals
approached the call source in response to playbacks of food-
associated calls as they did in naturalistic observations. Further-
more, individuals approached several times after hearing food-
associated calls, but only once in response to control calls. The fact
that individuals did not always approach the call source when they
heard food-associated calls in playback experiments is consistent
with naturalistic observations. Individuals did not merely approach
any time they heard a food-associated call; rather, they were more
likely to approach after hearing an adult male call, which may be
related to the fact that adult males emit food-associated calls much
more rarely than adult females (Gros-Louis, 2004b). In addition,
individuals were more likely to approach a capuchin that called

Figure 2. Mean number of seconds (� SE) that female capuchins looked
toward the loudspeaker when food-associated and control vocalizations by
female callers were played.

Figure 3. Mean number of seconds (� SE) that female capuchins looked
toward the loudspeaker when food-associated and control vocalizations by
male callers from Abby’s (AA) and Rambo’s (RM) groups were played.
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repeatedly for 1 min or longer. Therefore, it may be that listeners
are more likely to approach following food-associated calls than
following control calls, but the playback duration was too short to
elicit this response. The length of call sequences is indicative of
food quantity because capuchins continue calling as they eat, not
only when they find food; however, using longer call sequences in
playback experiments would have made it difficult to tease apart
the responses of individuals to the playback stimuli as opposed to
their responses to those of other group members.

Other factors that were not investigated in this study are also
likely to influence whether an individual approaches a food source.
Future studies would benefit by investigating which factors influ-
ence approach responses, such as motivational state (i.e., hunger
level), knowledge of food sources in the home range, an individ-
ual’s previous and current activity, and caller identity. A listener’s
decision to approach a conspecific that is calling may be influ-
enced by the hunger level of an animal, either alone or in combi-
nation with the potential payoff of interrupting a current activity
such as resting, grooming, or socializing. Also, in some cases,
individuals may be traveling in the direction of another known
food source when they hear a call. For these reasons, individuals
may first stop and scan in the direction of the call and, in some
cases, approach depending on the cost of interrupting a current
activity. Lastly, the relationship between caller and signaler may
influence whether an individual approaches a calling conspecific
(cf. Ramos-Fernandez, 2001).

Although the results of this study do not conclusively demon-
strate that food-associated calls provide information to listeners
about the presence of food, at the very least the results indicate that
food-associated calls attract the attention of the call recipient more
than do control calls. Individuals looked or approached more in
response to food-associated calls than to control calls. By looking
or approaching, individuals can gain information about the avail-
ability of food. Therefore, food-associated calls can potentially
increase the likelihood that an individual will encounter food.

Future experimental studies are needed to determine whether
individuals have an expectation of food when they hear a call. Data
that indicate that call recipients have an expectation of food, such
as appetitive behaviors seen in chickens (cf. Evans & Evans,
1999), would provide stronger evidence that the calls are associ-
ated with food in the minds of the listeners. However, such data
may be difficult to obtain because white-faced capuchins do not
have behaviors that are indicative of an expectation of food other
than food calls themselves. Although capuchins sometimes call as
they approach a food source (Boinski & Campbell, 1996; Gros-
Louis, 2004b) or in response to distant group members emitting
food-associated calls (this study; see also Roush & Snowdon,
2000), calls would not be an independent response measure in
playback experiments because one could not rule out that the
capuchin is simply responding to the caller unrelated to an expec-
tation of food. Even if calls occur exclusively in feeding contexts,
vocal responses alone do not conclusively demonstrate knowledge
of food; rather, individuals may simply be responding to the
food-associated calls of distant individuals with the same call type
without having a mental representation of food.

One possible experiment would be to perform playback exper-
iments with sounds or calls that are indicative of feeding but are
not the food-associated calls themselves. For example, capuchins
have been observed to emit food-associated calls in response to,

and as they approach, distant cries of coati pups (Nasua narica)
that group mates are feeding on (Gros-Louis, personal observa-
tion). If playbacks of the cries of coati pups elicit food-associated
calls, this would provide more convincing evidence that capuchins
have a representation of food when they emit the calls. Alterna-
tively, it might be possible to perform experiments in a captive
population in which individuals always receive their food at a
particular location. If individuals approach the traditional feeding
site after hearing a call broadcast over speakers into the enclosure
(rather than emanating from a specific location), it would provide
more support for the hypothesis that listeners have an expectation
of food when they hear food-associated calls. In addition, studies
in captivity would allow measurements of physiological responses
(e.g., salivation rates) to food-associated calls (Di Bitetti, 2003).

Even with data that suggest that listeners have an expectation of
food, we can infer only the information conveyed by the calls and
not their evolutionary origin. Observations of responses do not
inform us about why signalers call; signalers do not necessarily
call to inform others. In fact, we know from a variety of studies
that signalers emit food-associated calls for a variety of reasons,
such as to signal status (Clark & Wrangham, 1994), to announce
food ownership (Gros-Louis, 2004b; Hauser, 1992; Hauser &
Marler, 1993b), for appeasement (Bugnyar, Kijne, & Kortschal,
2001), or due to arousal related to preferences (Benz, Leger, &
French, 1992; Elowson, Tannenbaum, & Snowdon, 1991). None-
theless, if the probability of listeners hearing call A in context X is
very high, and conversely, context X rarely occurs in the absence
of call A, call A comes to have high predictive value of context X
(for further discussion, see Seyfarth & Cheney, 2003). Calls thus
can be considered a source of public information that indicates the
presence of food (Janik, 2000; Valone, 1996). Call recipients can
benefit by parasitizing the food discoveries of others at a cost to
the signaler (cf. Giraldeau & Livoreil, 1998). For example, in
tufted capuchins, call production influences the approach of call
recipients to a food source, which in turn affects the signaler’s (i.e.,
finder’s) share (Di Bitetti, 2003; Di Bitetti & Janson, 2001).

The results of this study, in conjunction with those of previous
studies of food-associated calls, indicate that it is necessary to
consider the perspective of both the signaler and the recipient in
studies of animal communication. Although calls may not be
intended, at some level, to inform others, listeners nonetheless can
extract information about the environment (cf. Seyfarth & Cheney,
2003). For example, white-faced capuchins may call to individuals
in close proximity to increase interindividual spacing and deter the
approach of neighbors during foraging (e.g., Boinski & Campbell,
1996; Gros-Louis, 2004b; Palombit, 1992; Robinson, 1982), but
because the neighbors’ attention is drawn to the call source, they
may approach the food source (e.g., this study; Di Bitetti, 2003).
The associations that listeners form between call production and a
feeding context can result in a referential-like call system in which
calls appear to convey information about food in the environment.
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